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(57) ABSTRACT

A printed circuit board (PCB) carrier including a multi-layer
structure 1ncluding a plurality of conductive layers and a
plurality of insulating layers respectively spaced between
the plurality of conductive layers, the multi-layer structure
having a footprint corresponding to a large size component
of the PCB, and a pocket formed in the multi-layer structure,
the pocket configured to receive a discrete component of a

size smaller than the large size component.
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DISCRETE COMPONENT CARRIER

TECHNICAL FIELD

Embodiments disclosed herein relate generally to a pack-
age for a semiconductor substrate, and more particularly to
a printed circuit board (PCB) carrier that may be used to
hold small discrete devices.

SUMMARY

A brief summary of various embodiments 1s presented
below. Some simplifications and omissions may be made in
the following summary, which 1s intended to highlight and
itroduce some aspects of the various embodiments, but not
to limit the scope of the invention. Detailed descriptions of
embodiments adequate to allow those of ordinary skill 1n the
art to make and use the mventive concepts will follow 1n
later sections.

A discrete component carrier including a multi-layer
structure 1ncluding a plurality of conductive layers and a
plurality of insulating layers respectively spaced between
the plurality of conductive layers, the multi-layer structure
having a footprint corresponding to a large size component
of a printed circuit board (PCB), and a pocket formed 1n the
multi-layer structure, the pocket configured to receive a
discrete component of a size smaller than the large size
component.

The multi-layer structure may include a lower conductive
layer, an intermediate conductive layer, and a top conductive
layer.

The mtermediate conductive layer may include a thin
portion proximate the pocket and a thick portion distal from
the pocket. The mtermediate layer may include a landing
portion configured to recerve and make electrical connection
with the discrete component.

The discrete component carrier may include a plurality of
insulation layers of different widths to form the pocket.

The lower conductive layer may include two portions
with an air gap therebetween.

The intermediate conductive layer may include two por-
tions with an air gap therebetween.

The discrete component carrier may include solder dis-
posed within the pocket adjacent the top conductive layer to
form an electrical connection with the discrete component.

Embodiments may also include a printed circuit board
(PCB) carrier including a first conductive layer configured to
be mounted on a PCB, the first conductive layer having a
first gap of a first width, a first mnsulating layer disposed on
the first conductive layer, the first insulating layer having the
first gap of the first width, a second conductive layer
disposed on the first insulating layer, the second conductive
layer having a landing portion associated therewith and the
first gap of the first width, a second insulating layer disposed
on the second insulating layer, the second insulating layer
having a pocket of a second width, and a top conductive
layer disposed on the second insulation layer, the third
conductive layer having the pocket of the second width
configured to receive a discrete component, wherein the
second width 1s greater than the first width.

The pocket may have a depth from the top conductive
layer to the mtermediate conductive layer.

The PCB carrier may include a conductive via configured
to connect the lower conductive layer, intermediate conduc-
tive layer, and top conductive layer.
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The PCB carrier may include solder disposed within the
pocket adjacent the top conductive layer to form an electri-
cal connection with the discrete component.

The first conductive layer may include two portions with
an air gap therebetween, the air gap being narrower than the
pocket of the second width.

The intermediate conductive layer includes two portions
with an air gap therebetween, the air gap being narrower
than the pocket of the second width.

The lower conductive layer i1s configured to have a

footprint of a large size component that corresponds to a
placement space on the PCB.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and features of the mvention will be
more readily apparent from the following detailed descrip-
tion and appended claims when taken 1n conjunction with
the drawings. Although several embodiments are illustrated
and described, like reference numerals 1dentily like parts 1n
cach of the figures, in which:

FIG. 1 1illustrates a stacked PCB carrier configured to
receive a discrete component 1 accordance with embodi-
ments described herein;

FIG. 2 illustrates different conductive layers in accor-
dance with FIG. 1; and

FIG. 3 illustrates a stacked PCB carrier on a PCB 1n
accordance with embodiments described herein.

DETAILED DESCRIPTION

It should be understood that the figures are merely sche-
matic and are not drawn to scale. It should also be under-
stood that the same reference numerals are used throughout
the figures to indicate the same or similar parts.

The descriptions and drawings illustrate the principles of
various example embodiments. It will thus be appreciated
that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or
shown herein, embody the principles of the mvention and
are included within 1ts scope. Furthermore, all examples
recited herein are principally itended expressly to be for
pedagogical purposes to aid the reader 1n understanding the
principles of the invention and the concepts contributed by
the inventor(s) to furthering the art and are to be construed
as being without limitation to such specifically recited
examples and conditions. Additionally, the term, “or,” as
used herein, refers to a non-exclusive or (1.e., and/or), unless
otherwise indicated (e.g., “or else” or “or in the alterna-
tive”). Also, the various embodiments described herein are
not necessarily mutually exclusive, as some embodiments
can be combined with one or more other embodiments to
form new embodiments. Descriptors such as “first,” “sec-
ond,” “third,” etc., are not meant to limit the order of
clements discussed, are used to distinguish one element
from the next, and are generally interchangeable. Values
such as maximum or minimum may be predetermined and
set to different values based on the application.

Small to mimature surface mount components (resistors
and capacitors) are present 1n almost every electronic prod-
uct from mobile phones to large networking equipment.
These components are characterized by a dimension code of
the form “XXYY” or “XXYYY” where the “XX” portion
represents the length and “YYY™ represents the width in
hundredths of an inch. Thus, components may be labeled
0803, 0603, 0402, 0201, 01005 for 1dentification and printed

circuit board (PCB) design purposes. As 1s known to those
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skilled 1n the art, there 1s constant demand for either reduc-
tion of size 1n mobile equipment or need for PCB real-estate
to progressively push a volume usage of particular compo-
nent sizes to the smaller end of the size spectrum. Manu-
facturers constantly reconfigure their production lines to
meet a higher demand for smaller components, resulting in
a choking-ofl of supply of the larger sizes. This 1s a present
and growing problem across company product lines.

Diflerent scenarios arise during design, testing, and pro-
duction phases of integrated circuits. Situations such as
design error and design refinement may result 1n a change 1n
a size of a discrete component to be used on a specific design
location on a PCB. A substitute or replacement discrete
component may be used to allow the shipment of a product
in a schedule satisiying manner.

Embodiments described herein include an apparatus and
method that allow a smaller size discrete component to be
placed on a footprint of a larger sized component without
re-design, modification, or alteration of a PCB.

PCBs may be configured to receive integrated circuits and
components of varying sizes. PCBs may accept components
that are mounted in various ways such as surface mount and
solder mount.

PCBs may be designed for a product line, with all
components having a designated place on a PCB. Diflerent
sizes ol PCBs may exist. Different PCBs may include
designs for different carriers to accept integrated circuit
components of diflerent sizes. A miniaturized PCB-type of
carrier as described herein may be used to carry a small size
discrete component that would normally be considered to be
too small to place 1n the designated space. Embodiments
may allow smaller components to be used due to various
reasons that arise such as component shortages, design
mistakes, etc.

Embodiments described herein include a mimaturized
PCB-type of carrier with a pocket or indentation in the
middle of the carrier. The pocket or indentation may receive
a discrete component, partially surround the discrete com-
ponent on a bottom and lower sides thereof, and leave an
upper side of the discrete component open. The carrier with
pocket may be used to carry a smaller size discrete compo-
nent that would normally be considered to be too small to
place 1n the designed space. Discrete components may
include two terminal devices such as resistors, capacitors,
inductors, diodes, thyristors, or the like.

FI1G. 1 1llustrates a stacked PCB carrier 100 configured to
receive a discrete component 110 in accordance with
embodiments described herein. The stacked PCB carrier 100
includes a pocket 120 formed therein. Both the inside
(adjacent the pocket 120) and the outside of the stacked PCB
carrier 100 are plated with a plurality of conductive layers
configured to allow connection of a discrete component 110
mounted therein, and to other devices on a PCB. After the
discrete component 110 has been mounted in the pocket 120
of the stacked PCB carrier 100, the stacked PCB carrier 100
with attached discrete component 110 may be attached to a
PCB (illustrated in FIG. 3) using solder or other electrically
adhesive material.

The stacked PCB carrier 100 may include a plurality of
layers. The stacked PCB carrier 100 may be termed a
multi-layer structure or multi-layer carrier. The stacked PCB
carrier 100 may include a plurality of conductive layers and
a plurality of msulating layers respectively spaced therebe-
tween. As 1llustrated 1n FIG. 1, the stacked PCB carrier 100
may include three metal or conductive layers 102, 104, and
106 separated by msulating layers, but embodiments are not
limited thereto. The stacked PCB carrier 100 may 1nclude a
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single metal layer or more than three layers, bearing 1n mind
to connect the discrete component to a metal layer that may
be connected to a PCB.

The stacked PCB carrier 100 may include a lower con-
ductive layer 102. The lower conductive layer 102 may be
a bottommost layer adjacent a PCB (llustrated 1n FIG. 3).
The lower conductive layer 102 may be separated in two
parts an across an air gap 108. The air gap 108 may have a
first width W1. The air gap 108 may provide separation
between opposing conductive portions of the stacked PCB
carrier 100, solder (illustrated in FIG. 3), and opposing
terminals of the discrete component 110. Opposing seg-
ments of the lower conductive layer 102 may have widths
W3. Above the lower conductive layer 102 may be a first
insulation layer 103. The insulation layer may have oppos-
ing segments that surround the air gap 108 and have widths
that correspond to the width W3 of the lower conductive

layer 102.

Above the first insulation layer 103 may be an interme-
diate conductive layer 104. The intermediate conductive
layer 104 may include a landing portion 107 proximate the
pocket 120 on which the discrete component 110 rests to
make direct electrical contact with the stacked PCB carrier
100. The intermediate conductive layer 104 including the
landing portion 107 may have dual portions that share the
same width W3 as first insulation layer 103 and the lower
conductive layer 102. The conductive landing portion 107
may be separated 1n two parts across the air gap 108. The
intermediate conductive layer 104 may include an additional
conductive layer 104a connected thereto. The additional
conductive layer 104a may be have shorter width than the
intermediate layer 104 and be disposed toward an outer
portion of the stacked PCB carrier 100. Together the inter-
mediate conductive layer 104 and the additional conductive
layer 104a may provide a thicker conductive layer distal
from the pocket 120 to add medial support to the stacked
PCB carrier 100. The stacked PCB carrier 100 may include
a second insulation layer 105 stacked on top of the inter-
mediate conductive layer 104 and the additional conductive
layer 104a. The second insulation layer 105 may have a

width W4 that 1s smaller than the width W3 of underlying
layers. A second portion of the msulation layer may be
formed on an opposing side of the pocket 120. The top
conductive layer 106 may include an inside portion that 1s
adjacent the pocket 120. The top conductive layer 106 may
have the same width W4 as the second insulation layer 105.
The smaller width W4 of the second insulation layer 105 1n
combination with the width W4 of the top conductive layer
106 surround a width W2 of the pocket 120. Solder may be
added to the pocket 120 to ensure electrical connection
between the top conductive layer 106 and the discrete
component 110. The lower conductive layer 102, interme-
diate conductive layer 104, additional conductive layer
1044, and the top conductive layer 106 may be connected by
a conductive via 112. The conductive via 112 may provide
clectrical connection between the conductive layers, and
provide electrical connection to the PCB (1llustrated 1n FIG.
3). The conductive via 112 may also provide structural
integrity to the stacked PCB carrier 100.

As noted above, the stacked PCB carrier 100 may include
the pocket 120. The pocket 120 of a stacked PCB carrier 100
may be fashioned to receive a discrete component of a
smaller size that a perimeter or footprint of the stacked PCB
carrier 100. The footprint or perimeter 150 may be along the
outer edges of the stacked PCB carrier 100, designated by
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the bracket. The footprint 150 of the stacked PCB carrier 100
may correspond to a to a placement space on a PCB of a
large s1ze component.

Design implementations of the stacked PCB carrier 100
may be based on a size of an available area versus a size of
the discrete component that 1s available. For example, 11 an
available area on a PCB was designed for an 0805 large
device, and the replacement discrete component 1s an 0201
small component, the stacked PCB carrier 100 may be
designed to be a size that 1s typically used for the large 0805
device. That 1s, a footprint or perimeter 150 of the stacked
PCB carrier 100 may substantially match and be a same size
as the footprint or perimeter of the large 0805 device that
was originally designed to be in the available area. While an
external perimeter of the stacked PCB carrier 100 may
substantially take up the available area, the pocket 120 in the
middle of the stacked PCB carrier 100 may be designed to
accommodate a component size that 1s typically used for an
0201 component. The 0805 and 0201 size components are
cited, of course, by way of example. The stacked PCB
carrier 100 may work with any combination of different
discrete sizes 1n different size pockets 120 to replace com-
ponents of various larger sizes designed to fit into different
S1Z€ areas.

The pocket 120 may extend from one side of the air gap
108 to another side of the air gap 108 1n a first direction. The
pocket 120 may extend from the top conductive layer 106 to
the intermediate conductive layer 104 1n a second direction
substantially orthogonal to the first direction. A depth of the
pocket 120 1n the second direction may be substantially half
of a height of the stacked PCB 100. The height of the stacked
PCB carrier 100 may be the height from the lower conduc-
tive layer 102 to the top conductive layer 106. When a
discrete component 110 1s mounted in the stacked PCB
carrier 100, a portion of the discrete component 110 may be
encompassed in the pocket 120 and another portion of the
discrete component 110 may be exposed out of the pocket
120, above a top surface of the top conductive layer 106.

FIG. 2 illustrates different conductive layers in accor-
dance with FIG. 1. As illustrated in FIG. 2, the lower
conductive layer 102 and the intermediate conductive layer
104 include wide conductive layers separated by the air gap
108. The wide conductive layers of the lower conductive
layer 102 may facilitate extended electrical connection with
a PCB (not illustrated). The wide intermediate conductive
layer 104 may include the conductive landing portion 107
that receives a discrete component 110 therecon. The top
conductive layer 106 may a narrower width than the portions
of the mtermediate conductive layer 104 and lower conduc-
tive layer 102. This narrower width of the top conductive

layer 106 1s designed to receive a discrete component 110
within the pocket 120 of the stacked PCB carrier 100.

FI1G. 3 illustrates a stacked PCB carrier 100 on a PCB 350
in accordance with embodiments described herein. As dis-
cussed herein, the stacked PCB carrier 100 that includes a
discrete component 110 may be mounted to a printed circuit
board (PCB) 350. The stacked PCB carrier 100 may be
clectrically connected to the PCB 350 using a solder layer
335. A solder section 325 may be used to provide side
clectrical connection between iternal conductive layers of
the stacked PCB carrier 100 and the discrete component 110.
In this manner, a discrete component 110 of small size may
be used on a footprint of the stacked PCB carrier 100 that has
a larger size than the discrete component 110, yet still it
within a specified design of the PCB 350.

Embodiments described herein may be used with design
hardware products in product areas such as, IP Router,
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6

Optic, Wireless or Fixed Network products, and others. A
target application may apply the stacked PCB carrier 100 to
many electronic products including as automotive, con-
sumer products, etc.

Although the various exemplary embodiments have been
described 1n detail with particular reference to certain exems-
plary aspects thereof, it should be understood that the
invention 1s capable of other embodiments and 1ts details are
capable of modifications 1n various obvious respects. As 1s
readily apparent to those skilled 1n the art, variations and
modifications can be aflected while remaining within the
spirit and scope of the mvention. Accordingly, the foregoing,
disclosure, description, and figures are for illustrative pur-
poses only and do not 1n any way limit the invention, which

1s defined only by the claims.

The mvention claimed 1s:

1. A discrete component carrier, comprising:

a multi-layer structure having a height including a plu-
rality of conductive layers and a plurality of insulating
layers respectively spaced between the plurality of
conductive layers, the multi-layer structure having a
footprint corresponding to a large size component of a
printed circuit board (PCB); and

a pocket having a depth formed 1n the multi-layer struc-
ture, the pocket configured to receive a discrete com-
ponent of a size smaller than the large size component,
wherein the pocket has a depth that 1s substantially half
of the height of the multi-layer structure, and wherein
the height of the multi-layer structure 1s lower than a
height of the discrete component.

2. The discrete component carrier of claim 1, wherein the
multi-layer structure includes a lower conductive layer, an
intermediate conductive layer, and a top conductive layer.

3. The discrete component carrier of claim 2, wherein the
intermediate conductive layer includes a thin portion proxi-
mate the pocket and a thick portion distal from the pocket.

4. The discrete component carrier of claim 2, wherein the
intermediate layer includes a landing portion configured to
receive and make electrical connection with the discrete
component.

5. The discrete component carrier of claim 1, comprising,
a plurality of insulation layers of difierent widths to form the
pocket.

6. The discrete component carrier of claim 2, wherein the
lower conductive layer includes two portions with an air gap
therebetween.

7. The discrete component carrier of claim 2, wherein the
intermediate conductive layer includes two portions with an
air gap therebetween.

8. The discrete component carrier of claim 2, comprising,
solder disposed within the pocket adjacent the top conduc-
tive layer to form an electrical connection with the discrete
component.

9. A discrete component carrier, comprising:

a multi-layer structure including a plurality of conductive
layers and a plurality of insulating layers respectively
spaced between the plurality of conductive layers, the
multi-layer structure having a footprint corresponding
to a large size component of a printed circuit board
(PCB); and

a pocket formed 1n the multi-layer structure, the pocket
configured to receive a discrete component of a size
smaller than the large size component,

wherein the multi-layer structure includes a lower con-
ductive layer, an intermediate conductive layer, and a
top conductive layer, and




US 10,667,399 Bl

7

wherein the intermediate conductive layer includes a thin
portion proximate the pocket and a thick portion distal
from the pocket.

10. The discrete component carrier of claim 9, wherein the
intermediate layer includes a landing portion configured to
receive and make electrical connection with the discrete
component.

11. The discrete component carrier of claim 9, comprising
a plurality of insulation layers of different widths to form the
pocket.

12. The discrete component carrier of claim 9, wherein the
lower conductive layer includes two portions with an air gap
therebetween.

13. The discrete component carrier of claim 9, wherein the
intermediate conductive layer includes two portions with an
air gap therebetween.

14. The discrete component carrier of claim 9, comprising
solder disposed within the pocket adjacent the top conduc-
tive layer to form an electrical connection with the discrete
component.

15. The discrete component of claim 9, wherein a height
of the multi-layer structure 1s lower than a height of the
discrete component.
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